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Abstract
Context:
The large-scale adoption of agile methods has received significant attention in
recent years, both in academia and industry. Although extensive research has
been done in the field of large-scale agile development (LSAD), there exists no
comprehensive overview of the state of research in this area.
Objective: This study aims at surveying and analyzing existing research on
LSAD to scope the phenomenon, provide an overview of the state-of-the-art,
and identify areas for future research.
Method: A systematic mapping study (SMS) was conducted to analyze research
on LSAD covering 133 publications dated from 2007 to 2019.
Results:
Conclusion: The results of this study reveal an increased interest in the appli-
cation of agile methods in larger software projects in recent years.
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1. Introduction
The remainder of the paper is structured as follows. Section 2 describes
background and related work. Section 3 portrays the procedure of the SMS.
Section 4 presents the result of the SMS. Section 5 further discusses the study
results with their implications for researchers and practitioners. Section 6 dis-
cusses the threats to validity. Section 7 concludes the paper with a summary of
the results and remarks on future research.
2. Background and related work
2.1. Agile software development
2.2. Large-scale agile development (LSAD)
2.3. Secondary studies on LSAD
3. Mapping study process
The underlying research method of this study is a systematic mapping study
(SMS) as it is capable of dealing with research areas that are broad and poorly
defined [1, 2, 3]. A SMS provides a systematic and objective procedure for identi-
fying, categorizing, and analyzing existing literature to answer a certain research
question [1, 3]. A SMS provides a structured report based on categorizations of
the existing literature by providing a visual summary that portrays the mapping
relationship between the literature and the categories. The mapping serves to
determine the extent of the conducted studies, to generate well-directed research
questions (RQs), and to show scientists promising avenues for future research
[1]. While systematic literature reviews (SLRs) [2, 4] are a common means
for identifying, evaluating, interpreting, and comparing all available researches
that are related to a particular research question, a SMS intends to map out the
research undertaken rather than to answer a detailed research question [1, 3].
Hence, a SLR would have been a less viable option for this study due to the
breadth of our overall research question that we formulate in Section 3.1.
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The procedure of the SMS presented in this paper combines a well-organized
collection of good practices and procedures for conducting SMSs [1] and SLRs
[2] in the field of software engineering. This blending process enabled us to
leverage both SMS and SLR techniques, which is explained in more detail in
Section 3.2.
3.1. Objectives and research questions (RQs)
We used the Goal-Question-Metric paradigm [5] to formulate the objective of
this study: to analyze peer-reviewed literature for the purpose of providing
an overview of the state-of-the-art with respect to available research on the
topic, salient publications and researchers, industrial relevance and research
rigor of the existing research, well-established research streams, and potential
research gaps from the point of view of both scholars and practitioners in
the context of LSAD. The general research question (RQ) that drives this
SMS and reflects our goal is:
RQ: What is the state-of-the-art of literature pertaining to LSAD?
In order to answer this question and to obtain a comprehensive view of the study
topic, we decomposed it into four RQs. The derived RQs and their primary
objectives of investigation are detailed below.
RQ1: What are the publication trends and characteristics of existing
research on LSAD?
A useful instrument for understanding the nature of a research area is the in-
vestigation of research trends and the systematic classification of extant studies
[1, 3]. Accordingly, this RQ intends to map the frequency of publication over
time to identify research trends and strives to categorize and aggregate extant
studies to structure the LSAD research area. The answer to this RQ includes a
chronological overview of related studies and a collection of study classifications.
This information can help practitioners to assess the tendency of the scientific
interest in their industry-related problems and facilitate the transfer of industry-
related research results into practice. This knowledge can assist researchers to
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confirm the ongoing research interest in LSAD and to better understand existing
research work in LSAD.
RQ2: What are seminal studies and influential scientists in LSAD?
There is perhaps no better way to understand and explore the intellectual struc-
ture of a research field than to identify its most seminal works and influential
authors [9, 10]. Therefore, this RQ aims to identify the protagonists and salient
publications of the LSAD research field by employing bibliometric analysis. The
answer to this RQ comprises an overview of the most frequently cited studies
and scholars. This information can help practitioners to recognize the signifi-
cant advances in the discipline and to identify the main intellectual actors of
the research area. As a starting point of their research, novice researchers can
use this knowledge to get an overview of seminal studies that need to be read
and influential researchers in their field of interest. Researchers familiar with
LSAD can use this information to obtain a historical perspective on the scientific
progress of this research topic.
RQ3: What is the rigor and relevance of the primary studies in LSAD?
One of the primary objectives of an applied research field such as software
engineering is the transfer and widespread use of trustworthy research results
in industry [6]. This goal can also be observed in the area of LSAD (cf. [7, 8]).
Thus, this RQ aims to measure both the exactness of the research methods
(rigor) and the realism of evaluations (relevance) of the primary studies in the
field of LSAD. The answer to this RQ includes a list of rigor and relevance
assessments of the primary studies as well as a general overview of the rigor and
relevance of the LSAD field. This information can help practitioners to assess
the transferability and relevance of the conducted research to industry and also
support researchers to look for an empirical basis for their research.
RQ4: Which research streams and promising future research directions exist
in LSAD? One approach to assess the state-of-the-art and maturity level of a
research area is to identify main research streams and reveal potential research
gaps [1, 11]. Hence, this RQ seeks to map the general structure of the LSAD
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research field by identifying and analyzing central research themes. By analyzing
existing research gaps in important research streams, this RQ also targets to
identify research topics that require additional investigations by scientists. The
answer to this RQ comprises a visual representation and characterization of
the main research directions within LSAD as well as a research agenda for
this research area. This information can assist practitioners to evaluate the
coverage of industry-related topics within LSAD research. Researchers can also
use this information to address important research topics that require additional
investigation.
3.2. Mapping study execution
This study’s procedure follows the well-established guidelines for performing
SLRs and SMSs proposed by Kitchenham and Charters [2] and Petersen et al.
[1]. We decided to combine both guidelines since some RQs cannot be answered
by mappings alone [16] (see details about data synthesis in Section 3.2.4). This
study’s procedure deviates from the guidelines by Kitchenham and Charters [2]
in that the quality assessment of the selected studies was not used as a criterion
for study selection. The execution procedure of this SMS consists of four phases,
as shown in Figure 1:
1. In Phase 1, we conducted the study search by specifying a search strategy
for the selection of relevant studies and by conducting the preliminary and
main search to identify relevant studies (see Section 3.2.1).
2. In Phase 2, we performed three phases of study selections, including the
selection of relevant papers by metadata, abstract, and full-text (see Sec-
tion 3.2.2.2).
3. In Phase 3, we extracted data from the selected studies (see Section 3.2.3).
4. In Phase 4, we synthesized the extracted data to answer the formulated
RQs (see Section 3.2.4).
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Figure 1: Design of the systematic mapping study
The following subsections elaborate on the main tasks of this SMS.
3.2.1. Study search
A crucial step in a SMS is to identify as many relevant publications as
possible to answer the RQs, since omitting relevant results from a SMS may
lead to incomplete and inaccurate evidence [12, 14]. As depicted in Figure
1, the first phase of the SMS comprises the search process to identify related
papers. The search process consists of a three-step procedure that includes the
definition of a search strategy (see Section 3.2.1.1) and the actual screening of
related studies, which consists of the preliminary search, and the main search
(see Section 3.2.1.2).
3.2.1.1. Study search strategy.
Defining a proper search strategy is essential to ensure the literature review
results are complete [12]. Several researchers propose several practices and
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techniques to develop appropriate search strategies (cf. [12, 13]). In our study,
we follow the recommendations of Zhang et al. [12] to elaborate on our search
strategy that should address the following main questions [12]:
1. Which approach to be used in search process?
2. Where to search, and which part of article should be searched?
3. What to be searched, and what are queries fed into search engines?
4. When is the search carried out, and what time span to be searched?
The search strategy of this SMS are described below along the main ques-
tions.
Which approaches? As briefly described in Section 3.2, our study search com-
prises two main steps: (i) the preliminary search, which consists of a manual
search and an automatic trial search, and (ii) the main search, which covers an
advanced automated search in electronic databases. While an automatic search
allows the entire field to be searched efficiently using search engines, the manual
search guarantees that no studies from highly relevant sources are missing [12, 2].
The manual search in the preliminary search is based on three components: (i)
search in target venues, (ii) backward search in a secondary study by Dikert et
al. [7], and (iii) search of popular studies from related venues recognized by the
community in LSAD [12].
Although the included databases index most of the target venues, the manual
search is complementary instead of repetitive to the automatic search, because
the included databases do not fully index some target conferences and work-
shops. Therefore, we decided to use the computer science bibliography website
dblp1 of the University of Trier to browse through all proceedings of the In-
ternational Conference on Agile Software Development and its accompanying
workshops to manually search for potentially relevant studies. However, we de-
cided not to include target journals, e.g., IEEE Software or Information and
1https://dblp.uni-trier.de/
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Software Technology, in the manual search since they are indexed in the elec-
tronic databases. Secondly, we scanned the reference list of an SLR by Dikert et
al. [7], which represents one of the most influential secondary studies in LSAD
(see Section 4.2), to supplement our manual search results by further related
studies. Thirdly, we used the concept of the ”quasi-gold standard” by Zhang et
al. [12] to collect known studies of related LSAD venues based on the perennial
experience of three researchers with LSAD. We provided each researcher with a
list of already identified articles. We asked them to assess whether the list was
complete or whether relevant articles were missing, which we later added to the
set of potentially-related papers.
The main goal of the automatic search in the preliminary search is to increase
the search results’ completeness by improving the search terms’ performance
through tests and refinements. To assess the search results’ completeness, we
used similar to Dikert et al. [7] the automatic search in the preliminary search
to identify a set of relevant papers that should be revealed by the main search.
Thereby, we retrieved the highest-ranking results from the electronic databases
as a ”sanity check” to assess the primary search’s performance.
Following the preliminary search, we used an automatic search within the
main search to retrieve relevant studies with search terms in electronic databases
listed in Table 1. Afterward, we merged the search results of the preliminary
and main search and excluded duplicate studies. We then included the resulting
collection of potentially-relevant papers for the study selection phase of the SMS
described in Section 3.2.2.2.
Where to search? According to Brereton et al. [4], many different electronic
sources should be searched within a SMS, since no single source can find all
relevant primary studies. Therefore, as suggested by Kitchenham and Brereton
[16], we selected six electronic databases listed in Table 1 as the primary sources
for the SMS for covering as much potentially relevant studies as possible. The
selection of the electronic databases was guided by: (i) the fact that two of them,
i.e., ACM Digital Library and IEEE Xplore, are the largest and most complete
scientific databases in the field of software engineering [13, 16], (ii) the fact that
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three of them offer broad coverage of diverse sciences, i.e., Science Direct, Web
of Science, and Scopus [18], (iii) and the fact that one of them, i.e., AIS eLibrary,
contains articles from the primary information systems research dissemination
outlets [17]. Due to the reasons outlined in Chen et al. [15], we excluded
Google Scholar from the SMS because the search results in Google Scholar tend
to overlap with search results from the included electronic databases.
# Search engine Website
DB1 IEEE Xplore http://ieeexplore.ieee.org/
DB2 ACM Digital Library http://dl.acm.org/
DB3 Science Direct http://www.sciencedirect.com/
DB4 Web of Science https://www.webofknowledge.com/
DB5 Scopus https://www.scopus.com/home.uri
DB6 AIS eLibrary https://aisel.aisnet.org/
Table 1: Electronic databases included in the automatic search of the mapping study
What to search? In order to identify all relevant studies for this SMS, we used
the strategy described in Kitchenham et al. [21] for the construction of the
search terms. This strategy consists of five steps:
1. deriving main search terms from the study topic and the formulated RQs
based on the PICO (Population, Intervention, Comparison, Outcomes)
criteria,
2. identifying synonyms and alternative spellings for the main search terms,
3. checking the keywords in relevant papers,
4. incorporating synonyms and alternative words using the Boolean OR op-
erator,
5. and linking the search terms using the Boolean AND operator.
We used only the first two components of the PICO approach, namely popu-
lation and intervention, and omitted the outcome and context facets from the
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search structure since our RQs do not warrant a restriction of the results to a
specific outcome or context. Similar to Yang et al. [20], the population facet
represents the first search set of the overall search string and contains the terms
of agile development methods that are popularly used in various SLRs and sur-
veys on agile software development (cf. [22, 23, 24, 25]). Following Dikert et al.
[7], we extended the first search set by explicitly stating that the application of
agile methods outside of software engineering, e.g., agile manufacturing, should
be excluded. The intervention comprises two search sets. The first set includes
terms related to the objective of applying agile methods on a larger scale, namely
”large-scale” and ”scaling”. These two terms are often used within titles and
as keywords in related publications on LSAD to delineate the research aim (cf.
[26, 27]). Inspired by Yang et al. [20], the second intervention search set entails
terms of LSAD methods and frameworks. For this purpose, we used the results
of a structured literature review by Uludag˘ et al. [28] to obtain a list of adopted
LSAD methods and frameworks used in practice.
Following this strategy, we conducted a series of tests and refinements in
the preliminary search. The blending of the search sets resulted in the generic
search string for the main search. The final generic search string is depicted
below.
Generic search term for the main search
Agile software development AND (Large-scale
development OR Scaling agile frameworks)
Table 2 lists the final list of applied search sets and strings. As each electronic
databases listed in Table 1 has a specific syntax for search terms, we adapted
our search string to the particular syntax requirements of the search engines.
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Set Search term
Agile software development (agile OR agility OR extreme programming OR XP OR feature driven devel-
opment OR FDD OR scrum OR crystal OR pair programming OR test-driven
development OR TDD OR leanness OR lean software development OR lean
development OR LSD) AND NOT manufacturing
Large-scale development large-scale OR scaling
Scaling agile frameworks Crystal Family OR Dynamic Systems Development Method Agile Project
Framework for Scrum OR Scrum of Scrums OR Enterprise Scrum OR Agile
Software Solution Framework OR Large-Scale Scrum OR Scaled Agile Frame-
work OR Disciplined Agile OR Spotify Model OR Mega Framework OR En-
terprise Agile Delivery and Agile Governance Practice OR Recipes for Agile
Governance in the Enterprise OR Continuous Agile Framework OR Scrum at
Scale OR Enterprise Transition Framework OR ScALeD Agile Lean Devel-
opment OR eXponential Simple Continuous Autonomous Learning Ecosystem
OR Lean Enterprise Agile Framework OR Nexus OR FAST Agile
Table 2: Overview of search sets and corresponding terms
When and what time span to search? We cover the period from February 2001,
when the Agile Manifesto was proposed [19], to December 2019, when we started
this SMS.
3.2.1.2. Preliminary and main search.
Figure 2 shows the study search process and the individual results obtained
in each of the three phases of the study search. In the preliminary search, we
retrieved 690 studies, including 544 articles from the manual search of target
venues, backward search of an influential secondary study on LSAD, and known
studies of related LSAD venues, and 146 publications from the automated trial
search in electronic databases. 627 papers left after duplicated studies were
removed. The automatic search in the main search returned 2,090 publica-
tions from the databases. After removing duplicate papers, we ended up with
1,642 papers from the main search. After merging the search results from the
preliminary and main search and removing duplicates, we retrieved a total of
2,139 articles that serve as input for the subsequent study selection process (see
Section 3.2.2.2).
11
Ph
as
e 
1
Preliminary search
Manual 
search
Automated
search
Remove 
duplicates
544
146
627
Ph
as
e 
2 Main search
Automated
search
Remove 
duplicates2090 1642
Ph
as
e 
3 Combine search results
Merge
results
Remove 
duplicates2269 2139
Legend
Main task Sub-task
Sequence of
main tasks
In-/output
association
Selected
Studies
Figure 2: Overview of the study search process
3.2.2. Study selection
After the study search process, we considered all 2,139 collected studies for
the subsequent study selection, which consists of three screening phases, namely:
1. selection of related articles based on their metadata (incl. title, keywords,
publication year, and publication type),
2. selection of relevant studies based on their abstract, and
3. selection of related papers based on their full-text.
The study selection process was carried out by two researchers in parallel by
using a spreadsheet. In the final phase of study selection, both researchers
harmonized their selection results and resolved conflicts to mitigate the personal
bias in selection results caused by individual reviewers. To ensure that the
study selection results are objective, we created a set of well-defined inclusion
and exclusion criteria, which were employed in the study selection process to
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filter relevant articles for our study. In the following, we present the inclusion
and exclusion criteria of our study selection process for the selection of related
papers.
3.2.2.1. Selection criteria.
As suggested by Kitchenham and Charters [2], we decided to define explicit
selection criteria to reduce the likelihood of bias and to assess the fitness of the
collected studies concerning the formulated RQs. Before the study selection, two
researchers discussed and reached a consistent understanding of the inclusion
and exclusion criteria listed in Table 3. We selected an article if it satisfied all
of the specified inclusion criteria and discarded a paper if it met any exclusion
criterion.
ID Criteria Assessment criteria
I1 Inclusion Papers that describe the application of agile methods in the software development context are included.
I2 Inclusion
Studies that cover the application of agile methods on a large scale and meet the requirements of being large-
scale based on our understanding and definition of large-scale agile development in Section 2.2 are included.
I3 Inclusion Articles that are peer-reviewed, i.e., published in journals, conference or workshop proceedings, are included.
I4 Inclusion Papers that are full papers and describe completed research results are included.
E1 Exclusion Studies that are related to agile manufacturing are excluded.
E2 Exclusion
Papers that are published in the form of abstracts, book chapters, book and conference reviews, grey
literature, magazines, newsletter, short communications, talks, technical reports, and tutorials are excluded.
E3 Exclusion Articles that are not written in English language are excluded.
E4 Exclusion Studies that are published before the creation of the Agile Manifesto in 2001 are excluded.
E5 Exclusion Papers that are not available as a full-text are excluded.
E6 Exclusion Articles that represent experience reports and opinion papers are excluded.
Table 3: Inclusion and exclusion criteria
3.2.2.2. Selection process.
The study selection process was conducted based on a careful reading of the
collected papers and their juxtaposition with the inclusion and exclusion criteria
to select the most suitable set of studies dealing with our RQs. As illustrated in
Figure 3, the study selection process is divided into three phases of screening.
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First phase of study selection. Two researchers simultaneously filtered arti-
cles based on metadata, including title, keywords, publication year, and publi-
cation type. In the first phase, both researchers checked each paper’s metadata
against the inclusion criteria I1, I2, and I3 to include peer-reviewed publications
from journals, conference and workshop proceedings related to the large-scale
application of agile methods in the software development context as shown in
Table 3. Moreover, the researchers employed the exclusion criterion E2 to re-
move non-peer-reviewed publications such as calls, newsletter articles, short
communications, and tutorials as they do not provide enough information for
adequately addressing our study objectives. Both researchers applied the exclu-
sion criteria E4 and E6 to exclude studies that were not published in English and
whose publication date was before the creation of the Agile Manifesto in 2001.
Furthermore, the researchers used the exclusion criterion E6 to remove articles
where their full-text was impossible to access. The researchers retained research
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items for the following study filtering activity when there was any doubt about
a paper’s relevance to the study topic.
After the screening based on metadata, the first researcher included 920
articles for the next selection phase, while the second researcher considered 579
publications for the subsequent filtering activity.
Second phase of study selection. In a more in-depth review, two researchers
independently filtered papers by reading the retained studies’ abstracts. They
employed the inclusion criteria I1 and I2 to include only studies related to
LSAD. Both researchers excluded papers based on the exclusion criteria E2 and
E6 as the abstracts provided enough information to judge whether an article
was an experience report or opinion paper by a practitioner and whether it was
related to agile manufacturing and thus beyond the scope of this research. If
the researchers had difficulties in assessing whether a paper should be included
or not, the article was included for the next selection phase.
At the end of the second phase, the first researcher classified 506 articles as
potentially-relevant, whereas the second researcher selected 327 studies for the
subsequent selection phase.
Third phase of study selection. Last but not least, both researchers indepen-
dently read the full-texts of the papers retained by the second phase and used
the inclusion criteria I1 and I2 to finally determine that the topic of the study
is related to LSAD. Both researchers employed the inclusion criterion I4 only
to include full papers that present completed research results.
By the end of the third selection phase, the first researcher marked 266
studies as relevant, whilst the second researcher labeled 142 papers as related.
Out of these articles, 127 publications were characterized as pertinent by both
researchers. Out of the 2,319 papers included in the study selection process,
both researchers reached a clear agreement on a total of 1.985 articles, which
corresponds to a consensus rate of 93.20%. In the case of 154 studies, both
researchers did not have the same classification. In a workshop, both researchers
discussed the studies classified as conflicting and agreed to include six additional
papers to the pool of related research items. A total of 133 publications listed
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in Appendix A were classified as relevant, which represents an inclusion rate of
6.22%.
3.2.3. Data extraction
Data extraction refers to the recording of all relevant information from the
studies required to answer the RQs [29]. To have a structured data extraction
process and to ease the management of the extracted data, we decided to use
the approach of categorizing studies into facets, as proposed by Petersen et al.
[1], and rigorously designed a well-structured classification framework based on
these facets.
Similar to the study selection process, a spreadsheet was used to record
the extracted data. To reduce the bias of the data extraction results, two
researchers performed the data extraction independently. Before the formal data
extraction process, two researchers discussed the definitions of the data items
to be extracted to ensure that both researchers had a common understanding.
After both scientists completed the data extraction, a discussion was held to
resolve conflicts for reaching a consensus on the data extraction results.
Figure 4 shows the resulting classification framework, which consists of four
facets, each of which addresses its corresponding RQ.
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Table 1 provides an overview of the extracted data items. In the follow-
ing, the extracted data items and the taxonomies used from other works are
explained in more detail, along with the four facets of our classification frame-
work.
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# Data item name Description Relevant RQ
D1 Publication year Publication year of the study RQ1, RQ4
D2 Country of authorship Country of the institution of the first author RQ1, RQ4
D3 Publication type Publication type in which the study was published RQ1, RQ4
D4 Publication venue Name of the venue where the study was published RQ1, RQ4
D5 Research type Type of research conducted in the study RQ1, RQ4
D6 Research approach Applied research approach of the study RQ1, RQ4
D7 Contribution type Type of outcome of the study RQ1
D8 Research data type Type of data used in the study RQ1, RQ4
D9 Author list Names of all authors of the study RQ2
D10 Citation count study Number of citations of the study RQ2
D11 Citation count author Number of citations by the author RQ2
D12 Number of studies Number of identified studies from the author RQ2, RQ4
D13 Rigor Scientific value of the study RQ3
D14 Relevance Practical relevance of the study RQ3
D15 Research topic Research topic discussed in the study RQ4
D16 Research agenda Future research directions outlined in the study RQ4
Table 4: Extracted data items
3.2.3.1. Publication trends and research characteristics (RQ1).
The data items we considered to collect data about publication trends and
research characteristics are: publication year, country of authorship,
publication type, publication venue, research type, research approach,
contribution type, and research data type.
The publication year, country of authorship, and publication venue
were retrieved directly from the metadata of the studies. Based on the publication
venue, we derived the data item publication type with a classification scheme
consisting of the three categories: journal, conference, and workshop.
To analyze the types of conducted research on which the selected studies in
LSAD are based on, we adopted Wieringa et al.’s [30] taxonomy consisting of
six categories to categorize the research type data item, as shown in Table 5.
18
Research type Description
Evaluation research
In these articles, the implementation of existing techniques and solutions
in practice are evaluated.
Experience papers2
In these papers, practitioners report about own experiences from one or more
real-life projects without discussing the article’s underlying research method.
Opinion papers2
These studies express the author’s personal experience regarding a technique’s
suitability without relying on any related work and research methods.
Philosophical papers
These articles sketch a new perspective on looking at existing things by
structuring the field in the form of taxonomy or conceptual framework.
Solution proposal
In these studies, a new or significant extension of an existing technique is shown by
demonstrating its benefits and applicability using a small example or argumentation.
Validation research
These papers focus on the investigation of novel techniques that have not yet been
implemented in practice.
Table 5: Classification scheme for research types based on Wieringa et al. [30]
To investigate the applied research methods of the selected studies, we used
a combination of the taxonomies and definitions of Berg et al. [31], Rodr´ıguez et
al. [18], and Unterkalmsteiner et al. [32] to create the classification scheme for
the research approach data item, which consists of nine categories, as listed
in Table 6.
2With the help of the exclusion criterion E6, we excluded opinion and personal experience
papers, as they hardly show any scientifically valuable results.
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Research approach Description
Action research
Paper applies action research to solve a real-world problem while simultaneously
scrutinizing the experience of solving the problem.
Case study
Study uses a case study to provide an in-depth overview of a real-life situation
and contemporary phenomenon or evaluates a theoretical concept by empirically
implementing it in a case study.
Design and creation Article creates a new IT product, artifact, model, or method.
Grounded theory
Paper uses a systematic process to generate theory from the data obtained
based on grounded theory.
Mixed methods Study applies more than one research methodology.
SLR/SMS
Paper collects and analyzes primary data to address a specific research
question or topic using an SLR or SMS.
Survey
Article collects quantitative and/or qualitative data in a standardized,
systematic way to find patterns through a questionnaire or interviews.
Theoretical
Study is theoretical but does not explicitly mention grounded theory as the
applied research methodology.
Not stated
Article does not define the applied research method, nor can it be derived or
interpreted from reading the paper.
Table 6: Classification scheme for research methods based on Berg et al. [31], Rodr´ıguez et
al. [18], and Unterkalmsteiner et al. [32]
To classify the research outcomes of the studies, we used the taxonomies of
Shaw [34] and Paternoster et al. [33]. The resulting classification scheme for
the contribution type data item consists of seven categories, as illustrated in
Table 7.
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Contribution type Description
Advice/Implication Discursive and general recommendation based on personal opinions.
Framework/Method
Framework or method to facilitate the construction and management
of software-intensive systems.
Guideline
List of advice or recommendations based on the synthesis of the
research results obtained.
Lessons learned Set of outcomes which is analyzed from the research results obtained.
Model
Representation of an observed reality using concepts resulting from a
conceptualization process.
Theory Construct of cause-effect relationships from determined results.
Tool
Technology, program, or application developed to support various
aspects of software engineering.
Table 7: Classification scheme for contribution types based on Shaw [34] and Paternoster et
al. [33]
We used the research data type data item to indicate whether a study
uses self-conducted research methods to collect data or gathers information from
previously conducted studies. This data item’s classification scheme consists of
the two categories: primary study and secondary study.
3.2.3.2. Seminal studies and influential scientists (RQ2).
To compile information about influential studies and scientists, we decided
to use the four data items: author list, citation count study, citation
count author, and number of studies.
The author list was obtained from the metadata of the selected publica-
tions. Data on the citation count study data item was collected manually
using Google Scholar on the 31th of December 2019. Based on this informa-
tion, we calculated the citation count author by summing up the number of
authors’ citations for the selected studies. Moreover, we added the number of
studies of each author to calculate the number of studies per author.
3.2.3.3. Rigor and relevance (RQ3).
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To assess the scientific rigor and the industrial relevance of each primary
study, we used a systematic and validated model by Ivarsson and Gorschek [6].
The rigor data item refers to the precision or exactness of the used research
method and how the study is presented, whose classification scheme consists of
three categories, as shown in Table 8.
Rigor Description
Context
Description of the development mode, speed, company maturity, and other
essential aspects where the study is carried out.
Study design
Explanation of the applied research method including the measured variables,
treatments, used controls, selection sampling, or other design aspects.
Validity Discussion of the various types of validity threats.
Table 8: Classification scheme for assessing the scientific rigor of primary studies based on
Ivarsson and Gorschek [6]
The relevance data item refers to the realism of the study’s environment
and the degree to which the applied research method contributes to the trans-
fer of the results to practitioners, whose classification scheme consists of four
categories, as illustrated in Table 9.
Relevance Description
Context Research is performed in a representative setting.
Research method Applied research approach contributes to an investigation of real situations.
Scale Size of the study is realistic.
Subject Subjects of the study are representative of the intended setting.
Table 9: Classification scheme for assessing the practical relevance of primary studies based
on Ivarsson and Gorschek [6]
As proposed by Ivarsson and Gorschek [6], we evaluated the categories re-
lated to the rigor of the primary studies using a three-point scale: strong de-
scription (1), medium description (0.5), and weak description (0). Hence, the
assessment of rigor ranged from 0 to 3. Following Ivarsson and Gorschek [6],
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we measured the relevance of the primary studies using a two-point scale: 1
if the category contributes to industrial relevance and 0 otherwise. Thus, the
assessment of industrial relevance ranged from 0 to 4. To obtain the final score
of a primary study, we added the rigor and relevance categories’ ratings.
3.2.3.4. Research streams and research directions (RQ4).
To identify pertinent research topics and future research directions on LSAD,
we considered collecting data for the data items: research topic and research
agenda.
We followed a systematic process called keywording, as suggested by Petersen
et al. [1], to define the categories of the research topic facet. The purpose
of the keywording process is to effectively develop a classification framework so
that it fits the selected studies and takes their research focus into account [1].
The keywording process consisted of the following three steps:
1. Identifying keywords and concepts: Two researchers collected keywords
and concepts by reading the full-text of each starting study.
2. Clustering keywords and concepts: Two researchers performed a clustering
operation on the collected keywords and concepts into a set of emerging
categories and subcategories resulting in the initial version of the classifi-
cation framework.
3. Refining classification framework: Four researchers discussed together on
the preliminary classification framework. This discussion resulted in the
refinement of the classification framework to make it a better fit with the
selected studies.
The above-described process ended when there was no study to analyze
left. During the extraction, some studies could be classified into more than one
research topic.
We used a deductive approach, as recommended by Cruzes and Dyb˚a [35], to
categorize the research agenda of the selected studies based on the final classi-
fication framework of the research topic facet. Thereby, two researchers read
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the outlook/future work sections of the selected studies and assigned related
text fragments to the identified main research topic categories. In addition to
the selected studies, we read and mapped relevant data from nine related work-
shop summaries (see Appendix B), as they provide a list of important future
research topics proposed by both researchers and practitioners familiar with
LSAD. Following the coding procedure, two researchers merged and aggregated
related codes and reformulated the final codes as RQs.
3.2.4. Data synthesis
The data synthesis phase aims to collate and summarize the data extracted
from the selected studies to understand, analyze, and classify current research
on LSAD [2]. To achieve this objective, our data analysis and synthesis involves
the combination of both descriptive and qualitative data [2]. Table 10 provides
an overview of the applied data synthesis and analysis methods.
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Research goal & question Data item Data type Data synthesis method Analysis type Visualization type
Identification of
publication trends (RQ1)
Publication year (D1) Quantitative
Descriptive statistics;
Frequency analysis
Trend analysis Line chart
Identification of most
active countries (RQ1)
Country of authorship (D2) Quantitative
Descriptive statistics;
Frequency analysis
Vertical analysis Map chart
Investigation of used
publication channels (RQ1)
Publication type (D3);
Publication venue (D4);
D1 3
Quantitative
Combinational analysis;
Descriptive statistics;
Frequency analysis
Trend analysis;
Vertical analysis
Bar chart;
Stacked bar chart;
Table
Analysis of applied research
types and methods (RQ1)
Research type (D5);
Research method (D6)
Quantitative
Descriptive statistics;
Frequency analysis
Vertical analysis Bar charts
Examination of research
outcomes (RQ1)
Contribution type (D7) Quantitative
Descriptive statistics;
Frequency analysis
Vertical analysis Bar chart
Investigation of used re-
search data types (RQ1)
Research data type (D8);
D1 & D6 3
Quantitative
Combinational analysis;
Descriptive statistics;
Frequency analysis
Vertical analysis Pie chart
Identification of seminal
studies and influential
authors (RQ2)
Author list (D9);
Citation count study (D10);
Citation count author (D11);
Number of studies (D12);
D3–D4 & D15 3
Qualitative;
Quantitative
Combinational analysis;
Descriptive statistics;
Frequency analysis;
Line of argument synthesis
Horizontal analysis;
Vertical Analysis
Tables
Assessment of rigor and
relevance (RQ3)
Rigor (D13);
Relevance (D14);
D1 & D3 3
Quantitative
Combinational analysis;
Descriptive statistics;
Frequency analysis
Horizontal analysis;
Trend Analysis;
Vertical analysis
Bubble chart;
Mixed chart;
Table
Identification of research
streams (RQ4)
Research topic (D15);
D1–D8 3
Qualitative;
Quantitative
Combinational analysis;
Descriptive statistics;
Frequency analysis;
Line of argument synthesis
Horizontal analysis;
Trend analysis;
Vertical analysis
Bubble charts;
Table;
Spider chart
Detection of future
research directions (RQ4)
Research agenda (D16);
D15 3
Qualitative;
Quantitative
Combinational analysis;
Descriptive statistics;
Frequency analysis;
Line of argument synthesis
Horizontal analysis;
Vertical analysis
List;
Spider chart
Table 10: Overview of data synthesis analysis
We employed descriptive statistics and frequency analysis and used different
types of visualizations in synthesizing the data to answer RQ1, RQ2, RQ3,
and RQ4. When synthesizing the data to answer RQ3 and RQ4, besides using
quantitative data synthesis methods, we also employed for the qualitative data
the line of argument synthesis [29] to analyze each selected study individually
and to identify potential patterns on the set of articles as a whole. We also
employed combinational analysis to answer RQ1, RQ2, RQ3, and RQ4 and
examined primary data items with respect to secondary data items, e.g., we
mapped primary studies’ rigor and relevance assessments with their publications
3Italic data items indicate secondary data items that are used for the data analysis of the
primary data items.
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years to reveal potential trends in rigor and relevance over time.
For identifying trends regarding publication dates (RQ1), publication chan-
nels (RQ1), rigor and relevance of primary studies (RQ3), and research streams
(RQ4), we performed trend analysis to examine how the investigated data
evolves over time. Also, we used vertical analysis for addressing RQ1, RQ3,
and RQ4 to find trends within each data item of our classification framework.
Last but not least, we applied horizontal analysis for answering RQ2, RQ3, and
RQ4 for identifying relations across the different data items of the classification
framework.
4. Study results
In this section, we provide a review of the state-of-the-art of LSAD research
and present our answers to the formulated RQs in Section 3.1 by analyzing and
synthesizing the results of the data extraction from the 133 included studies.
This section is structured according to the RQs. More specifically, Section 4.1
answers RQ1 by describing the publication trends and research characteristics
of existing research on LSAD. Section 4.2 then addresses RQ2 by providing a
list of influential studies and scientists in the field of LSAD. In Section 4.3,
we answer RQ4 by providing an assessment of the scientific rigor and practical
relevance of the selected studies. Finally, in Section 4.4, we address RQ4 by
providing an in-depth analysis of the identified research streams on LSAD and
discussing the identified research gaps.
4.1. Publication trends and characteristics of existing research on LSAD
4.1.1. Distribution of studies over time
Figure 5 shows the distribution and cumulative sum of selected studies pub-
lished in the period from 2007 to 2019. This figure clearly evinces the research
trend in large-scale agile development.
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Figure 5: Publications on large-scale agile development from 2007 to 2019
4.1.2. Most active countries in LSAD research
Figure 6 highlights the countries that are most active in large-scale agile
development research, larger circles indicating a large number of publications.
Overall, we identified a total of 22 states that contribute to large-scale agile
development research. The majority of the articles originate from Europe, with
119 published articles representing 89.47% of all publications. The research
theme of large-scale agile development received considerable interest in Scan-
dinavia with 73 papers, which accounts for 54.89% of all published studies.
Correspondingly, the most actives countries in this research area are Norway
and Sweden, with 24 articles, followed by Finland with 23 studies. The fourth
and fifth most active countries are Germany (with 21 studies) and the United
Kingdom (with ten publications). The remaining 17 states have fewer than
ten papers and contributed only 31 papers to large-scale agile development re-
search, representing 23.31% of all published studies with an average of 1.82%
publications per country.
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Figure 6: Map of most active countries in large-scale agile development research
4.1.3. Publication channels
4.1.4. Research types and methods
4.1.5. Research outcomes
4.1.6. Research data types
The majority of the selected studies are primary studies (93%), while 7% of
the studies are secondary. Four out of nine secondary studies provide ad hoc
literature reviews on challenges and success factors of the application of agile
methods in large software projects (cf. [S11], [S23], [S49], [S91]). Additionally,
three secondary studies compare and analyze various scaling agile frameworks
based on SLRs (cf. [S10], [S59], [S110]). Alongside the sharp increase in the
number of published studies in the field of large-scale agile development in the
last decade (see Section 4.1.1), the number of secondary studies has increased
in recent years. More specifically, all nine secondary studies were published
starting in 2016. The increase of secondary studies is an indicator that the field
of large-scale agile development has become increasingly mature.
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4.2. Seminal studies and influential authors
As suggested by Dingsøyr et et al. [9] and Nerur et al. [10], we identified sem-
inal works and influential authors in LSAD as they facilitate the understanding
and exploration of the intellectual structure of the LSAD research field.
Like Amirfallah et al. [36], we extracted data on citation numbers from
Google Scholar and used the pattern from the ACM Distinguished Paper awards
to define our criterion for seminal publications, and consider the top 10% of the
studies with the most citations as influential. Since we selected 133 studies for
data synthesis, we consider 13 publications with the most citations (see Table
11).
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Study Title Authors
Publication
type
Year
No.
citations
Citations
per year
[S23]
Challenges and success factors for
large-scale agile transformations:
a systematic literature review
Kim Dikert,
Maria Paasivaara,
Casper Lassenius
Journal 2016 273 68
[S6]
A framework to support the
evaluation, adoption and improvement
of agile methods in practice
Asif Qumer,
Brian Henderson-Sellers
Journal 2008 256 21
[S1]
A comparison of issues and advantages in
agile and incremental development between
state of the art and an industrial case
Kai Petersen,
Claes Wohlin
Journal 2009 229 21
[S2]
Agile methods rapidly replacing traditional
methods at nokia: a survey of opinions
on agile transformation
Maarit Laanti,
Outi Salo,
Pekka Abrahamsson
Journal 2011 227 25
[S94]
The effect of moving from a plan-driven to an
incremental software development approach
with agile practices: an industrial case study
Kai Petersen,
Claes Wohlin
Journal 2010 166 17
[S114]
Agile portfolio management: an empirical
perspective on the practice in use
Christoph J. Stettina,
Jeanette Ho¨rz
Journal 2015 126 25
[S35]
Distributed agile development:
using scrum in a large project
Maria Paasivaara,
Sandra Durasiewicz,
Casper Lassenius
Conference 2008 119 10
[S105]
Using scrum in a globally
distributed project: a case study
Maria Paasivaara,
Sandra Durasiewicz,
Casper Lassenius
Journal 2008 101 8
[S3]
Communities of practice in a large
distributed agile software development
organization – case ericsson
Maria Paasivaara,
Casper Lassenius
Journal 2014 98 16
[S55]
Inter-team coordination in large-
scale globally distributed scrum:
do scrum-of-scrums really work?
Maria Paasivaara,
Casper Lassenius,
Ville T. Heikkila¨
Conference 2012 91 11
[S5]
A case study on benefits and side-
effects of agile practices in large-
scale requirements engineering
Elizabeth Bjarnason,
Krzysztof Wnuk,
Bjo¨rn Regnell
Workshop 2011 87 10
[S25]
Combining agile software projects and
large-scale organizational agility
Petri Kettunen,
Maarit Laanti
Journal 2008 86 7
[S44]
Exploring software development at the
very large-scale: a revelatory case study and
research agenda for agile method adaptation
Torgeir Dingsøyr,
Nils B. Moe,
Tor E. Fægri,
Eva A. Seim
Journal 2018 83 42
Table 11: Top 10% of publications ranked by number of citations according to Google Scholar
(data collected on 2019-12-31)
The 13 most seminal publications:
1. discuss effects, issues, benefits, and success factors related to the large-
scale introduction of agile practices in plan-driven organizations (cf. [S1],
[S2], [S5], [S23], [S94]),
2. describe experiences in applying agile practices based on Scrum to large,
globally distributed software development programs (cf. [S35], [S105]),
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3. present the role of communities of practices and the associated challenges
and success factors as part of large-scale agile transformations (cf. [S3]),
4. propose a scaling framework for creating new agile software development
processes to develop large and complex software applications (cf. [S6]),
5. propose a framework for guiding software process improvement activities
concerning agility in large software product development organizations (cf.
[S25]),
6. elucidate the adaption of agile methods regarding customer involvement,
software architecture, and inter-team coordination in a large-scale software
development program (cf. [S44]),
7. report the application of the scaling framework Scrum-of-Scrums and its
associated challenges and success factors in large-scale distributed Scrum
projects (cf. [S55]), and
8. describe the adoption of portfolio management practices and the associ-
ated benefits and side-effects in organizations applying agile methods at
large-scale (cf. [S114]).
Ten seminal studies (76.92% of the salient studies) were published in jour-
nals, of which three in the Journal of Systems and Software (cf. [S1], [S6], [S23]),
two in Information and Software Technology (cf. [S2], [S3]), two in Empirical
Software Engineering (cf. [S44], [S94]), two in Software Process: Improvement
and Practice (cf. [S25], [S105]), and one in International Journal of Project Man-
agement (cf. [S114]). Two salient papers were published in conferences, namely
in the International Conference on Global Software Engineering (cf. [S35] and
International Symposium on Empirical Software Engineering and Measurement
[S55]. Last but not least, one seminal article was promulgated in the Work-
shop on Agile Requirements Engineering [S5]. Accordingly, we can infer that
high-quality journal articles constitute the core of the most influential papers on
LSAD, indicating a high research maturity of the nucleus of the body of LSAD
knowledge.
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The 133 selected studies were published by 207 researchers who contributed
to the literature on LSAD. Inspired by Amirfallah et al. [36], we used a bib-
liometric method to identify the most influential of these authors based on the
three aspects: (1) the number of citations, (2) the number of publications, and
(3) the number of seminal studies. Like Amirfallah et al. [36], we consider the
top-5 authors in each category to be influential. For the bibliometric data we
collected, an author must have at least 319 citations, ten articles, or two salient
studies to be considered influential.
Table 12 lists the nine most influential authors we identified based on our
afore-described criteria.
Author
No.
citations
Citations
per year
No.
studies
Studies
per year
No.
influential
studies
Influential
studies
Studies
Maria Paasivaara 969 81 17 1.4 5
[S3], [S23], [S35],
[S55], [S105]
[S3], [S14], [S23], [S28],
[S35], [S39], [S43], [S52],
[S55], [S62], [S65], [S70],
[S81], [S88], [S101], [S105],
[S126]
Casper Lassenius 935 78 16 1.3 5
[S3], [S23], [S35],
[S55], [S105]
[S3], [S23], [S28], [S35],
[S39], [S43], [S52], [S55],
[S62], [S65], [S70], [S81],
[S88], [S101], [S105], [S126]
Claes Wohlin 432 39 3 0.27 2 [S1], [S94] [S1], [S85], [S94]
Kai Petersen 395 36 2 0.18 2 [S1], [S94] [S1], [S94]
Maarit Laanti 319 27 4 0.33 2 [S2], [S25] [S2], [S25], [S125], [S131]
Torgeir Dingsøyr 245 41 10 1.67 1 [S44]
[S29], [S32], [S44], [S54],
[S60], [S64], [S75], [S99],
[S107], [S123]
Sandra Durasiewicz 220 18 2 0.167 2 [S35], [S105] [S35], [S105]
Nils B. Moe 214 36 12 2 1 [S44]
[S24], [S29], [S32], [S44],
[S66], [S69], [S76], [S85],
[S86], [S87], [S99], [S120]
O¨mer Uludag˘ 46 15 10 3.33 - -
[S36], [S42], [S48], [S49],
[S57], [S58], [S59], [S89],
[S106], [S108]
Table 12: Most influential authors according to the number of citations from Google Scholar
(data collected on 2019-12-31), number of publications, and number of seminal studies
In the following, we briefly summarize the research interests of the influential
authors. We discuss authors that frequently collaborated as a group:
1. Maria Paasivaara and Casper Lassenius are co-authors of five seminal
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publications and 16 other publications on LSAD. Maria Paasivaara is an
adjunct professor at the Aalto University and an associate professor at the
IT University of Copenhagen. Casper Lassenius is an associate professor
at the Aalto University and an adjunct research scientist at the Simula
Metropolitan Center for Digital Engineering. Their works investigate,
among others, the adoption of agile methods and scaling agile frameworks,
the application communities of practices, and the transition from plan-
driven methods to agile methods in large distributed projects at Ericsson.
2. Claes Wohlin and Kai Petersen are co-authors of two seminal publications.
Claes Wohlin is a professor of software engineering at the Blekinge Insti-
tute of Technology and Kai Petersen a professor of software engineering
at the Blekinge Institute of Technology and Hochschule Flensburg. Their
contributions investigate the introduction of agile methods at Ericsson
that has been previously working with plan-driven software development
methods.
3. Maarit Laanti is an author of two seminal publications and four publi-
cations, who wrote her dissertation on LSAD. Her works, among others,
quantitatively survey the benefits and challenges of applying agile meth-
ods at Nokia, the adoption of the Scaled Agile Framework in Finnland,
and the large-scale agile transformation of Finnish enterprises.
4. Torgeir Dingsøyr and Nils B. Moe are co-authors of one seminal publica-
tion and several other articles. Torgeir Dingsøyr is an adjunct professor
at the Norwegian University of Science and Technology and Nils B. Moe
an adjunct professor at the Blekinge Institute of Technology. Besides,
both researchers are chief scientists at SINTEF. Their works mostly focus
on the investigation of the application of coordination mechanisms and
inter-team coordination of agile teams in large-scale agile projects.
5. Sandra Durasiewicz is the second author of two seminal publications with
Maria Paasivaara and Casper Lassenius. She contributed to the inves-
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tigation of the adoption of Scrum in large, globally distributed software
projects.
6. O¨mer Uludag˘ is a Ph.D. student at the Technical University of Munich
who has ten publications in LSAD. His research concentrates on the in-
vestigation of the collaboration between software and enterprise architects
with agile teams in large-scale agile projects and on the adoption of scal-
ing agile frameworks in large software projects. In addition, his works are
concerned with the identification of best practices in the area of LSAD.
4.3. Scientific rigor and practical relevance of LSAD research
The formal assessment of the primary studies regarding scientific rigor and
practical relevance was aggregated and synthesized into Figure 74.
Figure 7: Overview of rigor and relevance assessment of the selected primary studies
The value for rigor ranges from zero to three, while the value for relevance
lies between zero to four. The size of the bubbles refers to the number of
4The complete list, consisting of the rigor and relevance assessments, can be found in
Appendix D.
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primary studies in each class. As Figure 7 already illustrates, 87 primary articles
(67.74% of the studies) are populated in the upper right quadrant (rigor ě 2
& relevance ě 3) of the bubble chart, indicating a high precision of the used
research methods and high involvement of practitioners in an industrial setting.
16 studies (12.90% of the studies) exhibit high industry relevance (relevance ě
3) while having low scientific rigor (rigor ă 1.5). 7 primary studies (5.65% of
the studies) are located in the lower left quadrant of the chart (rigor ă 1.5 &
relevance ă 2).
Overall, Figure 7 shows that the topic of LSAD is highly relevant from
the industry’s point of view, as a total of 117 primary studies (94.35% of the
studies) indicate a high level of practical relevance (relevance ě 3). Thus, the
field of LSAD appears to be a promising research area, since, in an applied
research field such as software engineering, the industry ultimately determines
the relevance of the research results. Furthermore, 84 primary articles (67.74%
of the studies) have a rigor value ě 2, which is why the scientific evidence of
the body of LSAD knowledge can be seen as medium-high. Accordingly, we can
infer that researchers can gently use the extant literature on LSAD for synthesis
and replication. At the same time, practitioners can apply the research results
in the industry in an informed way. In addition, the comparison of the upper
quadrant (relevance ě 3), consisting of 117 studies, with the right quadrant
(rigor ě 2), comprising 84 studies, suggests that relevance is slightly more
prevalent in LSAD research than rigor.
Figure 8 shows the rigor and relevance trend over time, mapped with the
publication types of primary studies. The left axis displays values for scientific
rigor, ranging from zero to three, and scores for practical relevance, ranging
from zero to four. The right y-axis presents the number of studies, and the
x-axis shows the years.
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Figure 8: Rigor and relevance over time mapped with the publication types of primary studies
In terms of evolution of LSAD research, Figure 8 shows that the practical
relevance of the primary studies with an average mean value of µ “ 3.81 and
a standard deviation of σ “ 0.32 between 2007 and 2019 remained quite high
and slightly flat. In contrast, the scientific rigor of the primary studies with an
average mean value of µ “ 2.18 and a standard deviation of σ “ 0.46 remained
medium-high and showed some variations between 2007 and 2019. Although
exhibiting a slight uptrend between 2007 (rigor “ 1.50) and 2019 (rigor “ 1.89)
and peaking in 2010 (rigor “ 3.00), the rigor of the primary studies decreased
between 2010 and 2019 as the proportion of conference and workshop studies has
become more prominent in the body of LSAD knowledge than journal papers.
We found that the conference and workshop studies tend to have less well-
founded descriptions of the applied research approaches, conducted research
contexts, and threats to validity than journal articles. Finally, Figure 8 shows
that after the median year (2013), the research intensity has at least doubled
in most years. Over the same time frame, the scientific rigor of the published
articles remained moderate-high, and the practical relevance very high. This
observation indicates that interest in the LSAD research field and its maturity
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are high.
4.4. Research streams in LSAD
4.5. Future research directions
The full list of identified RQs for each research stream can be found in
Appendix E.
13 (16%)
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10 (12%)8 (10%)
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Agile requirements engineering
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transformations
Agile practices at scale
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Global and distributed
software engineering
Autonomous teams
Agile portfolio management
Taxonomy
Figure 10: Number of identified RQs in the different research streams
5. Discussion
6. Threats to validity
Although we have employed a rigorous study design and payed particular
attention in the selection and analysis of published studies, there are limitations
to our study. The results of this SMS may be affected by various threats to
validity, which are (i) study search incompleteness, (ii) study selection bias,
(iii) study distribution imbalance, and (iv) data extraction inaccuracy. In the
following, we will discuss the limitations of our study.
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6.1. Incompleteness of study search
There may be relevant publications that were not retrieved, which may neg-
atively affect the completeness of the study. To mitigate this risk, we searched
the most common electronic databases in which a large number of journals as
well as conference and workshop proceedings in the field of software engineering
and information systems are indexed. In addition, we performed a preliminary
search before the main search for improving the correctness and completeness of
the search results. The manual search during the preliminary search also helped
to increase the completeness of the potentially relevant studies as all relevant
publications that were known to the scientists in advance were included. These
measures reduced the probability of missing relevant publications.
6.2. Bias on study selection
The selection of relevant studies largely depends on the personal knowledge
and experience of the researchers who conducted the study, which may lead to
bias in the results of the study selection. To mitigate the bias on the study
selection, we created a set of clear inclusion and exclusion criteria (see Section
3.2.2.1). As the researchers of this study may have different understandings of
the selection criteria, we conducted a preliminary search before the main search
to ensure that the researchers had a clear and consistent understanding of the
selection criteria. In addition, two reviewers conducted the study selection pro-
cess in parallel and independently and then discussed and resolved any conflicts
between their results to mitigate personal bias in study selection.
6.3. Imbalance of study distribution
Around one-third of the selected publications (41 out of 133) come from the
proceedings of the XP conference and LSAD workshop (see Appendix C). These
studies may to some extent carry the bias of conference and workshop organizers
and committee members. However, we did not address this type of bias as there
is no effective way to determine whether such bias exists. Therefore, we were
not able to mitigate and eliminate this kind of bias. Moreover, conferences and
39
workshops, by definition, allow the publication of immature results that may
distort the level of evidence of the selected studies.
6.4. Inaccuracy of data extraction
Data extraction bias may negatively affect the accuracy of data extraction
results, which may affect the classification results of the selected publications.
To mitigate this risk, two researchers specified a list of extracted data items
to reduce possible misunderstandings on the data items to be extracted. In
addition, a pilot data extraction process was performed by two researchers prior
to the formal data extraction. Moreover, two researchers performed the main
data extraction process in parallel and independently. Furthermore, conflicts
arising from the data extraction results were discussed, resolved, and agreed
upon between the researchers in workshop sessions.
7. Conclusions
In this SMS, we searched for relevant studies in the field of LSAD. Based on
extensive preliminary and main searches, we retrieved 2,139 papers, of which
133 were finally selected for data extraction. Based on the extracted data, this
SMS provides a comprehensive overview of the current state of research in the
field of LSAD. The main conclusions of the study are summarized as follows:
(1) According to the number of selected studies for the period 2007 to 2019,
research on LSAD has received significant attention from researchers (see
Figure 5). This trend shows that researchers have made increasing efforts
in this area over the last decade. Especially in the last two years, 47% of
all selected studies were published, indicating that the topic of LSAD is
becoming more important than ever.
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[S5] 1.00 0.50 0.50 1.00 1.00 1.00 1.00 6.00 [S74] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50
[S6] 0.00 0.00 0.50 1.00 1.00 1.00 1.00 4.50 [S75] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S7] 1.00 0.50 1.00 1.00 1.00 1.00 1.00 6.50 [S76] 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00
[S8] 0.50 0.50 0.50 1.00 1.00 1.00 1.00 5.50 [S77] 0.50 0.50 0.00 1.00 1.00 1.00 1.00 5.00
[S9] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S78] 1.00 0.50 0.50 1.00 1.00 1.00 1.00 6.00
[S12] 0.50 1.00 0.50 1.00 1.00 1.00 1.00 6.00 [S79] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[S13] 0.50 1.00 0.00 1.00 1.00 1.00 1.00 5.50 [S80] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S14] 1.00 1.00 0.50 1.00 1.00 1.00 1.00 6.50 [S81] 1.00 1.00 0.50 1.00 1.00 1.00 1.00 6.50
[S15] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S82] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S16] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50 [S83] 0.50 0.50 0.00 1.00 1.00 1.00 1.00 5.00
[S17] 0.50 1.00 0.00 1.00 1.00 1.00 1.00 5.50 [S84] 1.00 1.00 0.50 1.00 1.00 1.00 1.00 6.50
[S18] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 [S85] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50
[S19] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S86] 1.00 0.50 0.00 1.00 1.00 1.00 1.00 5.50
[S20] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S87] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S22] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S88] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S24] 0.50 1.00 0.00 1.00 1.00 1.00 1.00 5.50 [S89] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S25] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 [S90] 1.00 0.50 0.00 1.00 1.00 1.00 1.00 5.50
[S26] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S92] 0.50 0.50 0.00 1.00 1.00 1.00 1.00 5.00
[S27] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50 [S93] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S28] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S94] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S29] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S95] 0.00 1.00 0.50 0.00 0.00 0.00 0.00 1.50
[S30] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S96] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S31] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 [S97] 1.00 0.50 0.50 1.00 1.00 1.00 1.00 6.00
[S32] 1.00 0.50 0.50 1.00 1.00 1.00 1.00 6.00 [S98] 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00
[S33] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50 [S99] 0.50 1.00 0.00 1.00 1.00 1.00 1.00 5.50
[S34] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S100] 0.50 0.50 0.00 1.00 1.00 1.00 1.00 5.00
[S35] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S101] 1.00 1.00 0.50 1.00 1.00 1.00 1.00 6.50
[S36] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50 [S102] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50
[S37] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50 [S103] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50
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Rigor Relevance Rigor Relevance
[S38] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S104] 1.00 1.00 0.50 1.00 1.00 1.00 1.00 6.50
[S39] 0.50 0.50 0.00 1.00 1.00 1.00 1.00 5.00 [S105] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S40] 1.00 0.50 0.50 1.00 1.00 1.00 1.00 6.00 [S106] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S41] 1.00 0.50 1.00 1.00 1.00 1.00 1.00 6.50 [S107] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[S42] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S108] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50
[S43] 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00 [S109] 0.00 0.50 0.00 1.00 1.00 1.00 1.00 4.50
[S44] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S111] 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00
[S45] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S112] 0.00 0.00 0.00 1.00 1.00 1.00 1.00 3.00
[S46] 0.00 1.00 0.00 1.00 1.00 1.00 1.00 5.00 [S113] 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00
[S47] 0.50 1.00 0.50 1.00 1.00 1.00 1.00 6.00 [S114] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S48] 0.00 1.00 0.00 1.00 1.00 1.00 1.00 5.00 [S115] 0.50 1.00 0.00 1.00 1.00 1.00 1.00 5.50
[S50] 0.50 1.00 0.00 1.00 1.00 1.00 1.00 5.50 [S116] 1.00 0.50 0.00 1.00 1.00 1.00 1.00 5.50
[S51] 0.50 0.00 0.00 1.00 1.00 1.00 1.00 4.50 [S117] 0.50 0.50 0.00 1.00 1.00 1.00 1.00 5.00
[S52] 0.50 1.00 0.50 1.00 1.00 1.00 1.00 6.00 [S118] 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00
[S53] 1.00 0.50 0.50 1.00 1.00 1.00 1.00 6.00 [S119] 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00
[S54] 1.00 0.50 1.00 1.00 1.00 1.00 1.00 6.50 [S120] 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00
[S55] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S121] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50
[S56] 1.00 0.50 0.50 1.00 1.00 1.00 1.00 6.00 [S122] 1.00 0.50 0.00 1.00 1.00 1.00 1.00 5.50
[S57] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S123] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S58] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50 [S124] 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6.50
[S60] 0.00 1.00 1.00 1.00 1.00 1.00 1.00 6.00 [S125] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S61] 1.00 0.00 0.00 1.00 1.00 1.00 1.00 5.00 [S126] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
[S62] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S127] 0.00 0.50 1.00 1.00 0.00 0.00 1.00 3.50
[S63] 0.50 1.00 0.00 1.00 1.00 1.00 1.00 5.50 [S128] 1.00 0.50 0.00 1.00 1.00 1.00 1.00 5.50
[S64] 0.50 0.50 0.50 1.00 1.00 1.00 1.00 5.50 [S129] 0.00 1.00 1.00 1.00 1.00 1.00 1.00 6.00
[S65] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 [S130] 1.00 1.00 0.50 1.00 1.00 1.00 1.00 6.50
[S68] 1.00 0.00 0.00 1.00 1.00 1.00 1.00 5.00 [S132] 0.50 1.00 0.50 1.00 1.00 1.00 1.00 6.00
[S69] 1.00 1.00 0.00 1.00 1.00 1.00 1.00 6.00 [S133] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00
Ri1 Ri2 Ri3 Re1 Re2 Re3 Re4 Sum
Mean score 0.72 0.80 0.509 0.95 0.94 0.94 0.94 5.88
The rigor and relevance assessment criteria are as follows:
Ri1: Context
Ri2: Study design
Ri3: Validity
Re1: Subject
Re2: Context
Re3: Scale
Re4: Research method
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Appendix E. List of open RQs for large-scale agile development
Agile portfolio management.
1. What are best practices in agile portfolio management? (cf. [W6], [S16])
2. How is portfolio management interrelated with other governance functions
in an agile context? (cf. [S16])
3. How can traditional portfolio management techniques be applied in an
agile environment? (cf. [S90])
4. How to enable the strategic alignment and management of agile project
portfolios? (cf. [S114])
5. How is the new role of project managers practiced in large-scale agile
development? (cf. [S113])
6. How do agile methods affect program and portfolio management? (cf.
[S113])
Agile practices at scale.
1. What are challenges, benefits, and success factors of scaling agile practices
in organizations? (cf. [W1], [W2], [W3], [S2], [S23], [S80], [S127])
2. What are recurring concerns and good practices of typical stakeholders in
large-scale agile development? (cf. [S1], [S36], [S48], [S80], [S89])
3. How can the on-boarding of new agile team members be facilitated in
large-scale agile projects? (cf. [W3], [W6], [W9])
4. What are challenges, benefits, and success factors of establishing com-
munities of practice in large-scale agile projects? (cf. [W1], [W3], [W6],
[S3])
5. What are appropriate metrics to monitor the progress of agile teams and
to support transparency in large-scale agile projects? (cf. [W2])
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6. What is the impact of applying agile practices to the overall performance
of the organization? (cf. [S27], [S65])
7. How can agile practices be scaled in organizations from the public sector?
(cf. [W6])
8. How can continuous improvement at intra- and inter-team level be facili-
tated? (cf. [S61])
9. Which issues arise when are retrospectives are organized at inter-team
level? (cf. [S64])
10. How can agile practices be adapted to meet inter-organizational needs?
(cf. [S132])
Agile requirements engineering.
1. How do organizations that have adopted agile methods implement release
planning? (cf. [W1], [S9], [S28])
2. How can technical dependencies between agile teams be minimized? (cf.
[S93], [S112])
3. How do product owners and customers collaborate with developers in
large-scale agile projects? (cf. [W1], [W2])
4. What legal limitations exist in contracts that reduce agility in large scale
projects? (cf. [W1], [W2])
5. What are good contracting models for organizations with external cus-
tomers? (cf. [W6])
6. What are typical requirements engineering challenges in large-scale agile
development? (cf. [W7])
7. How can the prioritization between functional and non-functional require-
ments be balanced in large-scale agile projects? (cf. [W2])
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8. What are factors that impact the accuracy of effort estimations in large
scale agile projects? (cf. [S38])
9. How can customer representatives and agile teams be aligned in large-scale
agile projects? (cf. [S44])
10. How can high-level planning elements be incorporated in agile daily rou-
tines of large-scale agile projects? (cf. [S53])
11. Which ceremonies can be used to improve the release planning process?
(cf. [S27])
Architecture.
1. How is the role of enterprise architects practiced in large-scale agile devel-
opment? (cf. [W5], [S12], [S108])
2. How do architects collaborate with agile teams in large-scale agile devel-
opment? (cf. [W5], [S83], [S89])
3. How can technical debts be managed and minimized in large-scale agile
projects? (cf. [W2], [W6], [S66])
4. How can coordination mechanisms improve architecture sharing at intra-
and inter-team level? (cf. [S44], [S106])
5. How can architecture drive large-scale agile transformations? (cf. [W1],
[W3])
6. How can the decision-making power between architects and agile teams
be balanced? (cf. [W5], [S106])
7. How can software architecture support the coordination of agile teams?
(cf. [W6], [W8])
8. How can emergent and intentional architecture be balanced? (cf. [W5])
9. Which typical challenges do architects face in large-scale agile develop-
ment? (cf. [S59])
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10. What is the effect of applying architecture principles on the outcome of
large-scale agile transformations? (cf. [S58])
11. What are good practices for addressing challenges related to the estab-
lishment of architecture principles? (cf. [S58])
12. How can the compliance of agile teams with architecture principles auto-
matically determined? (cf. [S42])
Autonomous teams.
1. How can team autonomy in large-scale agile development be increased?
(cf. [W4], [W6], [W8], [W9], [S17], [S30], [S40])
2. How can inter-team coordination and team autonomy be balanced in large-
scale agile projects? (cf. [W8], [W9], [S17], [S44])
3. What are effective intra- and inter-team coordination mechanisms for au-
tonomous agile teams? (cf. [W8], [W9])
4. How can autonomous teams be designed, supported, and coached? (cf.
[W8])
5. What are barriers to team autonomy in large-scale agile development? (cf.
[S24])
6. How do governance structures influence team autonomy in large-scale agile
development? (cf. [S111])
Communication and coordination.
1. How can coordination mechanisms be applied effectively in large-scale agile
development? (cf. [W1], [W2], [W4], [W6], [W7], [S17], [S19], [S29], [S37],
[S55], [S60], [S95])
2. How can effective knowledge networks be created in large-scale agile projects?
(cf. [W1], [W2], [W3], [W6], [S45])
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3. Which tools can be used to support inter-team coordination in large-scale
agile projects? (cf. [W5], [W6], [W8], [S72])
4. Based from a multiteam perspective, how is coordination in large-scale
agile development performed? (cf. [S31], [S54])
5. How is intra-team coordination affected by increased focus on inter-team
coordination or vice versa? (cf. [S29], [S73])
6. How can the number of meetings in large-scale agile projects be reduced?
(cf. [W5], [S72])
7. How can meetings in large-scale projects be designed in order to increase
the effectiveness of coordination? (cf. [W6], [S72])
8. What are effective organizational structures and collaboration models in
large projects? (cf. [W1])
9. Which effect do cultural differences have on inter-team coordination large-
scale agile projects? (cf. [W6])
10. How can daily stand-up meetings be organized in a way that they enable
inter-team coordination? (cf. [S56])
11. How can focused work and knowledge be balanced in large-scale agile
projects? (cf. [W6])
12. How does co-location of agile teams affect knowledge sharing in large-scale
agile projects? (cf. [W6])
13. Which challenges are caused by inter-team dependencies within large-scale
agile projects? (cf. [S24])
Global and distributed software engineering.
1. What are challenges, benefits, and success factors of applying agile prac-
tices in distributed projects? (cf. [W1], [S11], [S14], [S35], [S74], [S81],
[S105])
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2. Which human related factors can positively affect globally distributed soft-
ware projects? (cf. [S11])
3. How is frequent communication in distributed projects enabled to over-
come the challenges of distance? (cf. [S105])
4. How is knowledge sharing performed in distributed large-scale agile projects?
(cf. [W6])
5. How can virtual agile teams be supported in distributed software devel-
opment projects? (cf. [W3])
Large-scale agile transformations.
1. What are challenges, benefits, and success factors of performing large-
scale agile transformations? (cf. [W4], [W6], [W7], [S4], [S22], [S23],
[S25], [S47], [S62], [S65], [S101], [S102])
2. How can non-agile units be integrated with agile organizational units to
support agile transformations? (cf. [W7], [S4], [S16], [S23], [S47])
3. What are reasons and consequences of conducting large-scale agile trans-
formations on the organizations? (cf. [S5], [S25], [S47], [S67])
4. How are agile structures adopted in business units that are not engaged
in IT development or delivery? (cf. [W4], [W6], [S47])
5. How can hierarchical and organizational structures be reduced to facilitate
large- scale agile transformation? (cf. [W4], [W6], [W7])
6. How can local optimization of agile teams be aligned with the enterprise
strategy? (cf. [W6])
7. How do agile teams adopt common values within large-scale agile trans-
formations? (cf. [W88])
8. Which KPIs exist to measure the enterprise agility? (cf. [W6])
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9. How are agile methods adopted at large-scale in highly regulated environ-
ments? (cf. [S33])
10. What are the responsibilities of agile coaches in large-scale agile transfor-
mation? (cf. [S46])
Scaling agile frameworks.
1. How can scaling agile frameworks be selected that are suitable for specific
contexts? (cf. [W3], [S14], [S23], [S62], [S81], [S94])
2. Which scaling agile frameworks are used in organizations and what are
their benefits and challenges? (cf. [W5], [W6], [S14], [S23], [S41], [S62],
[S81])
3. How is the Scaled Agile Framework adopted in organizations and what are
respected challenges and risks when adopting it? (cf. [W5], [S7], [S20],
[S126])
4. How are scaling agile frameworks tailored to meet the needs of the orga-
nizations in which they are adopted? (cf. [S23], [S62])
5. How and when should be scaling agile frameworks used in large-scale agile
projects? (cf. [W4], [S10], [S110])
6. Which performance improvements can be observed when adopting scaling
agile frameworks? (cf. [S110])
7. How is the Large-Scale Scrum framework adopted in different types of
organizations? (cf. [S57])
8. How can agile release trains and value streams be formed in complex
organizations? (cf. [S126])
Taxonomy.
1. How can agile in the large be conceptualized besides the dimension of
number of teams? (cf. [S78], [S107])
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